Macrophage responses contribute to a diverse array of pathologies ranging from infectious 49 disease to sterile inflammation. Polarization of macrophages determines their cellular function 50 within biological processes. Lipin-1 is a phosphatidic acid phosphatase in which its enzymatic 51 activity contributes to macrophage pro-inflammatory responses. Lipin-1 also possesses 52 transcriptional co-regulator activity and whether this activity is required for macrophage 53 polarization is unknown. Using mice that lack only lipin-1 enzymatic activity or both enzymatic 54 and transcriptional coregulator activities from myeloid cells, we investigated the contribution of 55 lipin-1 transcriptional co-regulator function towards macrophage wound healing polarization.
glutamax (Gibco -35050-061), 100 U/ml penicillin-streptomycin (Cell gro, 30-604-CI), 1mM 139 sodium pyruvate (Cell gro, 25-060-CI), and 0.2 % sodium bicarbonate (Quality biological, 118-140 085-721). Red blood cells were lysed using ammonium chloride-potassium carbonate (0.15 M 141 NH4Cl, 10 mM KHCO3, 0.1 mM NA2EDTA, adjusted to pH 7.2 and filter sterilized in 0.22 µm 142 filter) lysis (ACK) followed by PBS wash. Isolated cells were incubated in sterile petri dishes for 143 7 to 10 days in BMDM differentiation medium -DMEM (Gibco, 11965-092) supplemented with 144 30% L-cell conditioned medium, 20% fetal bovine serum (Atlanta biologicals, S11150) at 37°C 145 and 5% CO2. Once cells were 80% confluent, they were collected using 10 mM EDTA, pH 7.6 146 treatment. 10 6 cells were seeded for RNA extraction and 5x10 5 cells for protein isolation and flow 147 cytometry analysis. After 4 hours of seeding, cells were treated with 0 or 20 ng/ml IL-4 (R&D 148 Biosystems, 404-ML-050) for various times. Interleukin-4 Receptor Staining: 153 BMDMs were incubated with CD16/CD32 (e-Bioscience, 14-0161-86) for 20 min. 154 Cultured cells were incubated with PECy7 conjugated CD11b (e-Biosciences, 25-0112-81, clone 155 M1/70), and PE conjugated IL-4R (Biolegend, 144803) for 30 minutes in the dark. Cells were then 156 fixed with 4% formaldehyde and analyzed using BD LSRII (San Jose, CA).
158
Immune Composition Staining: 159 Spleens were homogenized in FACS wash buffer (1% bovine serum albumin, 1 mM 160 EDTA, and 0.1% sodium azide in phosphate buffered saline). The spleens were strained with a 40 161 µm cell strainer (Falcon, 352340) followed by centrifugation at 300Xg for 5 minutes. The 162 supernatant was decanted and splenocytes were dislodged in 3 mLs of ACK lysis buffer. 163 Splenocytes were incubated on ice for 5 minutes. Splenocytes were washed in FACS wash buffer 164 then centrifuged. The pellet was re-suspended in FACS wash buffer, strained (Falcon, 352340), 165 and counted. Splenocytes were adjusted to 1x10 6 cells/mL in RPMI. Blood was collected in EDTA 166 coated tubes. 100 ul of blood was lysed in 3 mls of ACK lysis buffer and then washed with FACS 167 wash buffer. The entire sample of blood cells were stained. Splenocytes and blood cells were 168 incubated with CD16/CD32 (e-Bioscience, 14-0161-86) for 20 min. After blocking, cells were 169 stained with a cocktail of antibodies: AF700 conjugated CD45. Histology:
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Wound area was carefully excised at 2, 5 and 14 days after wounding and fixed in 10% 225 neutral buffered formalin followed by paraffin embedding. 5 μm thick sections were cut from 226 formalin-fixed paraffin-embedded tissue blocks. Sections were rehydrated, followed by 
RESULTS

251
Lipin-1 contributes to IL-4 elicited gene expression. 252 Pro-inflammatory response in macrophages is influenced by lipin-1, but if and how lipin- . We confirmed that the loss of lipin-1 did not inhibit 261 BMDM generation based on CD11b staining by flow-cytometry ( Fig 1A) . however, no differences were noted between each littermate strain controls, therefore littermate 269 controls were grouped together as wild type. IL-4 stimulation promoted the expression of several 270 wound healing associated genes in wildtype, lipin-1 mEnzy KO and lipin-1 m KO BMDMs ( Fig 1C) . Lipin-1 is required for phagocytosis. 294 The reduction in wound healing-associated genes in response to IL-4 suggests that lipin- type BMDMs (Fig 3) . These results further implicate the importance of lipin-1 to macrophage 303 wound healing function. Myeloid-associated lipin-1 contributes to wound healing in vivo. 306 Our in vitro studies suggest that lipin-1 contributes to IL-4 mediated macrophage 307 polarization. We next wanted to determine if these in vitro differences contribute to in vivo 308 processes as well. Polarization of macrophage to a wound healing phenotype is required for proper 309 wound closure in a full excision wounding model [24; 25] . We decided to investigate if the loss of 310 myeloid-associated lipin-1 would alter wound closure. We performed full excision wounding on 311 lipin-1 m KO, lipin-1 mEnzy KO and their respective littermate controls. We monitored wound closure 312 at early (day 2 and day 5), middle (day 7 and day 9), and late (day 12 and day 14) stages of wound 313 healing. Lipin-1 m KO mice had initial delay in wound healing (days 2, 5, and 7) in lipin-1 m KO as 314 compared to litter mate controls ( Fig 4A&B) . 9 days after wounding, wounds were of comparable 315 size between lipin-1 m KO mice and litter mate controls. In contrast, lipin-1 mEnzy KO did not differ 316 from littermate controls in wound healing ( Fig 4C&D) at any stage of healing. Thus, these results 317 highlight the potential contribution of myeloid-associated lipin-1 transcriptional co-regulator 318 activity in wound healing.
319
Impaired healing was prominent in the early stage of wound healing. Hence further 320 histopathological evaluation ( Fig 5A) was performed by H&E staining in isolated wounds from 
Lipin-1 deletion does not alter myeloid immune composition 343
Loss of lipin-1 could potentially influence development of myeloid cells or myeloid 344 mediated systemic responses. We examined myeloid population in the spleen and the blood to see 345 if there were any alterations that may explain the delay in wound healing. We isolated the spleen 346 and blood at days 2, 5, and 14 post-wounding. Cells were isolated and stained with a panel of 347 antibodies to quantify macrophages, monocytes, PMNs, and Ly6C + monocytes. We included Ly6C 348 staining as Ly6C hi and Ly6C lo can both contribute to wound healing [26] . We observed no 349 significant difference between lipin-1 m KO and litter mate control mice in any myeloid cell 350 population analyzed in the blood or spleen (Fig 6A&B) . In addition to monitoring cellular 351 responses, we also examined serum cytokine concentration from mice 2 days post-wounding. We 352 chose day 2 as this day correlated with the biggest difference in wound size. No differences were 353 noted in serum cytokine responses between lipin-1 m KO and littermate control mice ( Fig 6C) . 354 These data suggest that myeloid associated lipin-1 activity that contributes to wound healing is 355 likely mediated in the local environment rather than systemically. [24]. These data suggest to us that lipin-1 transcriptional co-regulatory activity likely promotes 411 proper macrophage function and contributed to wound closure.
413
We propose that the loss of wound healing observed in our lipin-1 m KO mice is due to loss 414 of transcriptional co-regulatory activity from monocytes and macrophages. However, LysM-Cre 415 was used to knockout lipin-1 in our mice, and LysM expression is not restricted to monocytes and 416 macrophages. Analysis of LysM-Cre-mediated gene deletion demonstrates gene excision in 417 dendritic cells (DC) and granulocytes, as well as monocytes and macrophages [33; 34].We suggest 418 that loss of lipin-1 in DC is not responsible for the difference in wound closure in our lipin-1 m KO 419 mice. DCs enhance T cell/B cell responses, rather than innate immune responses, and our 420 difference in wound closure is more prevalent in earlier phase of healing (likely prior to T cell 421 responses). The contribution of lipin-1 to DC function is completely unknown and needs to be 422 looked at in the future. Neutrophils clearly contribute to wound healing [35] . However, lipin-1 is 423 not readily detected in neutrophils, suggesting that lipin-1 has little contribution to neutrophil 424 function [7] . Thus, we propose that the loss of lipin-1 transcriptional co-regulatory activity in 425 monocytes and macrophages is most likely responsible for the reduction in wound closure.
427
Our data highlights the role of lipin-1 transcriptional co-regulator activity within 428 macrophage function, specifically for wound healing polarization. Furthermore, we provide 429 evidence that the lack of myeloid-associated lipin-1 transcriptional co-regulator activity has in vivo 
